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Description 

roooil The inventton relates to 17-spiromethylene steroids, their preparation, pharmaceutical compositbr^s contain- 
!~rsare,rirul for contraceptL, and their use^^^^^^^^^^ 

[0002] Manyprogestational and ^tat-or^al stera^^^^^^^ ^^.^ ^^,,3 

mosteroid skeleton) is carbon atom 2 of a spiromethylene ring of the formula: 



IS 




r« L^p„om,1l„ten» st«olds ««h allinil, lor the p.og»togen ,«.plor, eh.«c..r««. b, formula 



30 




35 



40 in which: 

and Rb are both hydrogen; or one is hydrogen and one is (Ci^)alkyl, 
Re, R'6. R7 are all hydrogen; or one is {C,.6)alkyl and the others are hydrogen; 
R, is amino, mono- or di-(C,^)alkylamino. (C2.6)acyl. methylthio or (C,^)allcyloxy group; 
and. (a) R3 is O or H.H; Rg is absent and the dotted line is a double bond; or 
50 (b) Rg is H.H, R5 is OH and between carbon 4 and 5 is a single bond. 

tOOOSl More specifically, the steroid derK,atK,es are claimed wherein the steroidal skeleton has the formula: 



45 



SS 
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wherein 
n is 0 or 1 ; 
IS X is CHRi or a bond; 

Ri is H, CH3, CN, OH, Oacyl, F, spirocyclopropyl, or together with R2 or R-,0 CH2, CF2, or 0C(CH3)2O, or together with 
R11 CH2O; 

R2 is H, alkyi, CHgOH, CN, OH, Oacyl, F, spirocyclopropyl, or together with R^ or R3 the groups indicated in the defi- 
nitions of Ri and R3 respectively, or together with R^o CHg, or together with R2' =CH-R, wherein R is H, OH, OalkyI, 
20 or Oacyl; 

R2' is H, alkyi, or CN, or together with R2 the groups indicated in the definition of R2; 

R3 is H2, O, NOH. NOalkyI, NOacyl, (H.OH), (H.Oacyl), (0,Oalkyl), (H.OcycIoalkyI), or 1-pyrrolidinyl, or (0,alkynyl) 
when X is a bond, or R2 and R3 together with C2 and C3 of the steroid skeleton form an oxazole: 



25 




R4 is H, alkyi, halogen, CN, N3, OH, phenylmethyl, phenylthiomethyl, methylthio, or alkylcarbonylthio; 
40 RgisHorOH; 

One of Rg and R7 is H, alkyi, CF3, CH2F, OH, halogen, CN, OalkyI, Oacyl, Sacyl, CH2OH, NO2. COOalkyI, 0S02alkyl, 
or spirocyclopropyl, and the other is H, or Rg together with R7 is CHg, CF2, O. CHCICHCI, or Rg together with Rg. is 
CH2 when R7 is H, or R7 together with R7. Is CH2 or CF2 when Rg is H; 

Rg. is H, or H or alkyi when R© is alkyi, or H or halogen when R© is halogen, or together with R© the groups indicated 
45 in the definition of Rg, or H or F when Re and R7 are together CF2; 

R7. Is H, or H or alkyi when R7 is alkyi, or H or halogen when R7 is halogen, or together with R7 the groups indicated 
in the definition of R7; 
Rq is H or CH3; 

Rg is H, halogen, OH, or methyl, or together with R^q CH2 or O; 
50 R^Q is H, alkyi, halogen-substituted alkyi, alkenyl, alkynyl, halogen, OH, OOH, OOacyl, OalkyI, Oalkynyl, amino, alkyl- 

substituted amino, NHacyl, aminomethyl, alkyl-substituted aniinomethyl, CHO, COOH, COOalkyI, CH2OH, CH20acyl, . 

CH2CH2OH, or together with R-,, Rg, or R-j^ the groups indicated in the definition of R-,, Rg, and R-,i respectively, or 

together with CIO, C9, C11 of the steroid skeleton, and R^^, when R^^ is an aryl or heteroaryl, a 6-membered ring; 

R^i is H, alkyi, cycloalkyi, alkenyl, alkynyl, phenylethyl, arylethynyl, heteroarylethynyl, halogen-substituted alkyi, alkyl- 
ss substituted aminoalkyi, halogen, CH2OCH3, OH, OOH, OalkyI, Oacyl, SH, SalkyI, N3, Si(CH3)2, aryl, or heteroaryl, or 

R11 together with R-j^. Is CH2, CF2, or CHF, or together with R^q 0C=0 or OCHF, or together with R^ OCH2, or together 

with Ri3 OCH2 or CH2CH2CH2; 

R^y is H, alkyi, cycloalkyi, alkenyl, alkynyl, phenylethyl, arylethynyl, heteroarylethynyl, halogen-substituted alkyi, alkyi- 
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S^X-^ ^ H, OH, Oa,M, Oa^l. « .^-,0^1. a.d *e, H, o, R,, together 

C^H :,?o"l".?'Ji R,s CH, o, R„ . H; R„.,= H or toa-th,, w.. R„ OH, o, *.n R,s is H; t„a 

twitched lines represent an a or p bond; and nharmaceuticallv acceptable salts thereof. 



n Is 0; 

XisCHRv ^. 
Ri. R2. R5. Res Rr. ^8. R9. Ri5' and R.e- are H, 



IS 



20 



^ ^Cfe n'i'rol Re and R, . H and ttto ottte- . CH3. o, Be togotho, R, ^ CH,; 
R„ Is H or CHa, or 109««iet rmlti R, CHi, .ubafaied at its 4 position «im CN. acyl. alliyithio, alkoxy- 

r:i^-~£tS^^^^^^ 

is CH2. CF2, or CHF; ^ , , „u,n„, which is substituted at its position 4 witli CN, acyl. ail^oxyalkyl. 

roo",a«rsS^trrrr:c:o=et.,*B„ ^ 



R^3 is alkyi; 

Ric and Rie are each H or together CHg; 



25 



,he 1 3 bond is p and the 14 bond is a; and ^^^^^.^ .^^^ additional bond, 

positions 4-5; 4-5.8-9; 4-5,9-10, 4-5.15-16. 5 ° steroid structure wherein 

[OOOTI More preferred are the steroid ^^I'^f^^^^^^^^^^^ andhalogen (preferably chlorine); 



30 



3S 



40 



45 



50 



55 



posixions H-u, *t-w»," ^, -r . ^.^ uowirir. ahnv/P-mpntioned steroid siruciure wneicin 

g:^dRra^iCe"r;rrirr=ro°.7^^^ 

n is 0; 

r., r. r.. -v. "s- "'^ 

S:rdCs"^"-lTn.a«>R,isHandthso.h«.Oe,^^^^ 

i^'^^sKiiirsN'xsrrjRrnr^^^^^ 

alkyI, or together with R„ • 'S ^Ha. j^^F or CFa. ^ 4 bond is a; and 

R,,.,sHor,og.tho.*B CH OH 

Dositions 4-5; 4-5,B-y, 4-o,y- lu, ^j, i-' 

[0008] Most preferred are the steroid derivatives wherein 

n is 0; 

B.'rS'^ R,. R. R., R,. Rr. "s. • '"^ ""^ 

R= 's°p.dimetn„a,..,o. p-acstyl- oc p.n«hy»,»suP.t«uted phonytM-te 1 3 bond ,s pand tt« -4 l»nd is « and 
Xs4T«.t5.,6::4-5,9.0-tne«»«s^^^^^^ 

iri ^075:=;^;-;:-^^^^^^^^^^ ^-^^ ^ 

Prrt:r3Ssanac,^pdan.ed,»™ana,^^x,iicao«,thea,ky,n»i,tynav.,t..p,a».us, 

?«,"rTt"?er,n alksny, mean, a br»,ched 0, »,b,and,ad ^kenyl grotp haying 2* carton atoms, P,elene«re 
fS 'ZterXn^mCstr r rLrar^hed ai^t. g.«.P ha.ng 2S catbon atoms. Ptetened »s 

^Tter'^^i^e^r^c^rK^-^^^^^^^^ — ■ 

SS^The tetm ^^n "Hn^rw tSlTo^^-P^ 



EP 0 582 338 B1 



and the phenyl groups used in the definition of the steroids of the inventions may be substituted by all<yl, OalkyI, 
halogen, acyl and OH, as previously defined. The 11 -phenyl group may also be substituted by amino, alkyl-substituted 
amino (preferably dimethylamino) or an N-oxide of the amino or alkyl-substituted amino group, vinyl, methylthio, oxa- 
zole, CN, CHO, CHNOH, CONR'R", R' and R" being independently H, alkyi, or hydroxy-substituted alkyL The oxazole 

5 may also be an alkyI substituted oxazole. 

[0016] The first orally active progestagens are norethisterone and derivatives thereof (USP 2,744,122). These first- 
generation progestagens have a 17a-ethynyl substituent and, apart from the 3-keto-delta^'5 further substituents. 
These compounds have tow progestagenic and low androgenic activity, and a low selectivity. Derivatives like norethis- 
terone acetate and norethynodrel show very low estrogenic activity and low SHBG binding affinity. 

10 Second-generation progestagens were found having in addition a 18-methyl substituent. The most pertinent repre- 
sentative of this series is (levo)norgestre! (Belgian patent 623,844), which shows a better progestagenic activity, but 
also an increased androgenic activity. The selectivity is, therefore, not really improved with respect to the first -generation 
progestagens. The second-generation progestagens show no estrogenic activity, have a slight glucocorticoid activity 
and an increased SHBG binding affinity. 

IS The third-generation compounds have two additional substituents. The most remarkable representatives are des- 
ogestrel (USP 3,927,046) having an 11 -methylene group, and gestodene (USP 4,081 ,537) having a delta^^je double 
bond. These compounds have a better selectivity because their progestagenic activity is increased whereas their an- 
drogenic activity is similar or decreased with respect to levonorgestrel. Apart from their progestagenic activity, these 
compounds have at least one other hormonal activity, like glucocorticoid, antimineralocorticoid or estrogenic activity. 

20 The progestagenic compounds of the present invention are the fourth-generation of progestagens, having a pure pro- 
gestagenic profile, without significant androgenic or other hormonal activities. Most compounds have no glucocorticoid 
activity, but some compounds having m is 2 show weak glucocorticoid activity. The compounds of this invention show 
an extremely strong binding affinity to the progesterone receptor. 

[0017] The first-generation antiprogestagens are weakly active compounds like RMI 12.936 (Dutch pat. 7302540) 
2S and R-2323 (Gestrlnone; USP 3,478,067). High antlprogestagenic activity was found with the second-generation of 
compounds, the lead compound of which is RU 486 (Mifepristone; USP 4,386,085). These compounds typically have 
an 11-aryl group, usually phenyl substituted with a para-dimethylamino group, and a 17a-1-propynyl group. 
Third-generation antiprogestational compounds have an additional substituent, mostly a 6- or 7-methyl group, and 
sometimes have a 17 spiro-ether group. Examples are Org 31710 (USP 4,871,724) and Org 31806 (USP 4,921,845), 
30 These compounds have diminished antiglucocortcoid activity. 

The antlprogestagenic compounds of the present invention are the fourth-generation of antiprogestagens, having a 
pure antlprogestagenic profile, without other significant hormonal activities. These compounds show an extremely* 
strong binding affinity to the progesterone receptor. 

[001 8] The steroids of this invention, being a new generation of progestational and antiprogestational steroids, have * 
3S improved affinity to the progesterone receptor, and/or have improved selectivity. These improved properties lead to 
better therapeutic effects on administering the compounds in patients. 

[0019] The progestagenic and. antlprogestagenic steroids of this invention can be used as contraceptives. They 
further exhibit the normal activities known for progestagens and antiprogestagens. such as treatment of menstrual 
disorders and hormone dependent tumors. 

40 [0020] The steroids of the invention having m is 1 may be prepared by treating any 1 7-keto steroid (the reactive 
substituents of which are protected in a manner as usual for the protection of reactive groups) with alkylOCLi=C=CH2 
wherein alkyI is a lower alkyI, preferably methyl, using, for example, the method of D. Gange and Ph. Magnus, J. Am. 
Chem. Soc. 100 (1978), 7747-7748. The 17-aHenyl derivative obtained is treated with a base, preferably potassium 
tert-butoxide, in a suitable solvent (for example tert-butanol) or with silver nitrate to obtain the atkyi enol ether of a f uran 

45 ring, carbon atom 2 of which is carbon atom 17 of the steroid skeleton (or carbon atom 17a for a homosteroid). Acid 
treatment of this compound gives the f uran-3-one ring, carbon atom 2 of which Is carbon atom 1 7 of the steroid skeleton 
(or carbon atom 17a for a homosteroid). When necessary, groups cleaved during the reaction are protected again, 
after which a Wittig, Wittig-Homer, or similar reaction Is performed (for instance a Peterson reaction) with W-CHRaR^ 
wherein R^ and R^ have the previously given meanings, and W is a group suitable for a Wittig(like) or Peterson reaction, 

so for instance a trimethyl- or triphenylphosphorane group (i.e. giving for instance (C6H5)3(halogen)PCHRaRb or the Pe- 
terson reagent (CH3)3Si(Mghalide)GHRaRb), after which the remaining protective groups, when present, are removed 
and the compound obtained is optionally converted into a pharmaceutical^ acceptable salt. 

[0021] The steroids of the invention having m is 2 may be prepared by treating any 1 7-keto steroid (other reactive 
substituents of which are protected in a manner as usual for the protection of reactive groups) with a pentenol derivative 
RaRbG=CLi-GH2-CH2-CH2-OSi(alkyl)3, wherein R^, R^ and alkyI have the previously given meanings, and which can 
be prepared by methods known in the art from the corresponding 2-bromo-5-hydroxy-1 -pentene derivative, which is 
prepared, for example by the method of M. Mori et.al., J. Org. Chem. 48, 4058 (1983), followed by acid hydrolysis to 
give the 17,24-dihydroxy-steroid, after which the 24-hydroxy group is converted into a leaving group, for instance into 
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990 te eS^^^^^^^^ Pharmaceutical Preparations and Their Manufacture) the compounds may be compressed 
n fso d dos'agT nits, such as pills, tablets, or be processed into capsules or supposrtor.es. By means of phan.^- 
c ut cany suitable liquids the compounds can also be applied as an Section pref«ratjon n the f^^^^^^^^ 



the like, or mixtures thereof, used in suitable amounts. 
[0024] The invention is further illustrated by the following examples. 

Example 1 



raoasi (17aM7 23-epoxy-24-norchola-4,20-dien-3-one was prepared from the known (17P)-4^5■-dihydrospiro[an- 
^^,Zt!J4^-^ZUs'-6^on. (see D. Gange and Ph. Magnus. J. Am. Chem. Soc. 100. 7747-7748 (1978)) 



as follows: 



tn 6 64 Q of the above-mentioned dione were dissolved in 1 3.5 ml of absolute ethanol under a nitrogen atmosphere. 
?he reacSon mSr^^^^^^ in an ice bath and 7 ml of triethyl orthoformate and 70 mg o P-toluenesuKon,c 
Icid weTe aSdeHL which the reaction mbrture was stirred at 0 'C for 5 h. The reaction was stopped by additK^n 
o 2 m of SethylamL, and 4 ml of water were added. The resuming precipitate was fi ered off. yielding 6.7 g 
m3^Torc3ne(17B)-3-ethoxy-4\5'-dihydrospiro[^^^ ^ 
Ka suCsionK' g of potassium L-butoxide in 290 ml of toluene under a nitrogen atmosphere were 
2ded 7^0 ormillriphenylphosphonium bromide. The mixture was refluxed for 45 m.n and then cooled 6.7 g 

:ftheabov^lTn^^^^^ 

poured into ice-water. the toluene layer separated, washed wrth brine, dn^^^^^^^^^ 

under reduced pressure. The residue was chromatographed to afford 3.53 g (53%) of pure (17a)-17.23 epoxy 

SsC'^itei^^^^^^^^ were dissolved in 36 ml of dichloromethane. To this solution were added 
ri ml of 6t^ hydSoric acid, and the mixture was stirred vigorously for 1.5 h. The reaction 
ou^dtoTml Of ice-water, the organic layer sepa.ted, dried over sodium ^l^^^l^ -^^Tr^^^^^^ 
reduced pressure to afford 2.46 g (75%) of (i7a)-17.23-epoxy-24-norchola-4.20-dien-3-one after recystallization 
from ethyl acetate. M.p. 127.2 'C. [ah^ = +10.5' (c = 0.99. chlorofomi). 



Example 2 



??Huri^i?3'-dl^^^^ solid Obtained melted at 1 36 »C and had an Wo^" of -280' (c = 1 .0 dioxane). 

Tl7a^^ (17P)-4-.5--dihydrospiro[estra-4,15-d,ene- 

17.2'(3'H)-furan]-3.3'-dione. M.p. 137 'C. [a]o^ = -194.8' (c = 1.0. chloroform). 
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[0032] (17a)-17,23-epoxy-13-ethyl-18,19,24-trinorchola-4,15,20-trien-3-one from {17'P)-13'-ethyl-4,5-dihydrospiro 
[furan-2(3H),17'-gona-4,15-dlene)-3,3'-dione. M.p. 136.4 X. [a]o^^ = -^9A.2'' (c = 0,99, chloroform). 
[0033] (6a,17a)-17,23-epoxy-6-m9thyI-19,24-dinorchoIa-4,20-dien-3-onefrom (6a,17P)-4',5'-dihydro-6-methylspiro 
[estr-4-ene-17,2'(3'H)-furan]-3, 3'-dlone. M.p. 105.9 "^C. [alp^o .89.8" (c = 1 .035, dioxane). 
5 [0034] (7a, 1 7a)-1 7,23-epoxy-7-methyl-1 9,24-dinorchola-5(1 0),20-dien-3-one from (7a. 1 7p)-4',5'-dihydro-7-methyl- 
splro[estr-5(10)-ene-17,2'(3'H)-furan ]-3,3'-dione. Careful hydrolysis (oxalic acid in water) of the intermediate afforded 
the desired product as an amorphous solid, [ajp^o = +61 .4** (c = 0.975, chloroform). 

[0035] (7a,17a)-17,23-epoxy-7-methyl-19,24-dinorchola-4,20<llen-3-onefrom(7a,17P)-4',5'-dihydro-7-methylspiro 

[estr'-5(10)-ene-17,2'(3'H)-furan ]-3,3'-dione. Hydrolysis under more strenuous conditions than in the previous reaction 
10 (hydrochloric acid in acetone) of the intermediate afforded the desired product. M.p. 127.6 **C. [a]^^ = -20.5° (c = 1 .0, 
chloroform). 

[0036] (1 1 p, 1 7a)-1 7.23-epoxy-1 1 -methyl-1 9,24-dinorchola-3,20-dien-4-one from (1 1 p, 1 7p)-4',5'-dihydro-1 1 -methyl- 
spiro[estr-4-ene-17,2'(3'H)-furan]- 3,3'-dione. M.p. 181 '^C. [ajQ^o = -14.6° (c = 1.0, chloroform). 
[0037] (3'E,17P)-3'-ethylidene-4',5'-dihydrospiro[estr-4-ene-17,2'(3'H)-furanl-3-one from (17P)-4*.5'-dlhydrospiro 
'5 [estr-4-ene-17,2*(3'H)-furan]-3,3'-dione by treatment of the Intermediate (1 7p)-3-ethoxy-4',5'-dihydrospiro[estra-3,5-di- 
ene-17,2'(3'H)-furan]-3'-one with ethyltriphenylphosphonlum bromide. M.p. 143.6 '^C. [aJo^o - .32.0'* (c = 1 .0, chloro- 
form). 

[0038] (17a,21E)-21-chloro-17,23-epoxy-19,24-dinorchola-4,20-dien-3-one from (17P)-4',5'-dihydrospiro[estr- 
4-ene-17,2'(3'H)-furan]-3,3'-dlone by treatment of the intermediate (17p)-3-ethoxy-4',5'-dihydrospiro[estra-3,5-diene- 
20 1 7,2'(3'H)-furan]-3'-one with chloromethyltriphenylphosphonium chloride. M.p. 156.8 ""C. [a]^^ = -16.8** (c = 0.5, chlo- 
roform). 

[0039] (17a)-17,23-epoxy-11-methylene-19,24-dinorchola-4,15,20-trien-3-onefrom (17P)-4',5'-dihydro-11-methyle- 
nespiro[estr-4-ene-17.2'(3'H)-furan]-3,3'-dione. M.p. 183.7 *»C. [alpSO = -82.7*» (c = 1.0, chloroform). 

25 Example 3 

[0040] (1 7a)-1 7,23-epoxy-1 3-ethyl-1 1 -methylene-1 8, 1 9,24-trlnorchola-4,20-diene was prepared directly from 
(17'P)-13'-ethyl-4,5-dihydro-11'-methylenespiro[furan-2(3H),17'-gon-4-ene]-3-one by reaction with methyltriphenyl- 
phosphonium bromide as described in Example 1(ii). M.p. 138.4 "C. Mq^o = +10.4" (c = 0.99, chloroform). 

30 

Example 4 

[0041] In a similar manner as in Example 3 the following compounds were prepared: 

(5a, 1 7a)-1 7,23-epoxy-1 3-ethyl-1 1 -methylene-1 8, 1 9,24-trinorchola-3,20-diene from (5'a, 1 7'P)-1 3'-ethyl-4,5-dihydro- " 
55 11'-methylenespiro[furan-2(3H).17'-gon-3-ene]-3-one. M.p. 136.8 C. [aJo^o ^ +8.50° (c = 1.02, chloroform). 

[0042] (17a)-17,23-epoxy-11 -methylene-1 9,24-dinorchola-4,20-diene from (17P)-4',5'-dihydro-11-methylenespiro 
[estr-4-ene-17,2'(3'H)-furan]-3'-one. M.p. 106.6 •*C, [afe^ = +29.9*» (c = 1.0. chloroform). 

[0043] (3'E,17P)-3'-ethylidene-4',5'-dihydro-11-methylenespiro[estr-4-ene-1 7,2'(3'H)-furan] from (17P)-4',5'-dihy- 
dro-11-methylenespiro[estr-4-ene-17,2'(3'H)-furan]-3'-one and ethyltrimethylphosphonium bromide. M.p. 139.8 °C. 
40 [a]^20 = +38.8«» (c = 1 .0, chloroform). 

Example 5 

[0044] E-[(1 7p)-4',5'-dihydro-3-oxospiro[estr-4-ene-1 7,2'(3'H)-furan]-3'-ylidene]acetonitrile was obtained as follows: 

45 

(i) To a suspension of 1.2 g of lithium diisopropylamide In 30 ml of toluene 0.58 ml of acetonltrile were added at 
-40 °C. The mixture was then stirred at -20 °C for 20 minutes, cooled to -50 **C, and 358 mg of (17p)-3-ethoxy-4', 
5',dlhydrospiro[estra-3,5-diene-17,2'(3'H)-furan]-3'-one were added. The mixture was allowed to warm to -10 *C, 
and after 20 min poured into a saturated ammonium chloride solution. The organic layer was separated, washed 

50 with brine, dried over magnesium sulfate, and concentrated under reduced pressure. The residue was taken up 

In a mixture of 5 ml of acetone and 3 mi of 0,1 N hydrochloric acid, stirred at room temperature for 2 h, and then 
partitioned between water and ethyl acetate. The organic layer was dried over magnesium sulfate and concentrated 
under reduced pressure. Chromatography of the residue afforded 200 mg (54%) of (3'S,17P)-4',5'-dihydro-3'-hy- 
droxy-3-oxospiro[estr-4-ene-17,2'(3'H)-furan]-3*-acetonjtrlle. 

55 (ii) 200 mg of the above-mentioned nitrile were dissolved in 10 ml of dry pyridine, and 0.07 ml of phosphorus 

oxychloride were added. The reaction mixture was refluxed for 30 min, cooled, and then poured into ice-water. 
The mixture was acidified with 2N hydrochloric acid and extracted with ethyl acetate. The extract was washed with 
water and with brine, dried over magnesium sulfate, and concentrated under reduced pressure. The residue was 
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chromatographed to afford 90 mg (47%) of E-l{17P)-4'.5'-dihydro-3-oxospiro[estr-4-ene-17.2'(3'H)-furan]-3'-yli- 
dene]acetonitrile. M.p. 193.5 'C. 

Example 6 

[0045] (l7a)-17,23-epoxy-19,24<iinorchola-5(10).20-dien-3-one was prepared from the k"Owri (17P)-a^^nethox- 
yspiro[estra-1,3,5(10Hrie^e-17.2•(3■H)-furan^3•-one (see D. Gange and Ph. Magnus. J. Am. Chem. Soc. 100. 
7746-7747 (1978)) as follows: 

(i) The above-mentioned trienone was converted to (i7a)-3-methoxy-17,23-epoxy-19.24-dlnorchola-1.3.5(10). 

20-tetraene as described for Example 1 . ^ * i. a a 

Oh 5 Q of the tetraene were then dissolved in 350 ml of tetrahydrofuran and this solution added to a solufon of 4^3 
q Of ifthVum dissolved in 430 ml of ammonia which was maintained at -33 'C. After 4 h at th.s ternperature 50 m 
of etjrorwere slowly added and the ammonia allowed to evaporate. The residue was partitioned be ween wate 
:nS^omethane^heorganic layer washed wrthwate.^^^^^^^^^^^^^ 

reduced pressure, affording after recrystallization from ethanol 2.12 g of (17a)-3-methoxy-17.23-epoxy 19.24 di 

Z'^tgomeS^^^ triene were suspended in 155 ml of methanol to which suspension was a^ed 
a solution of 2 33 g of oxalic acid in 30 ml of water. The mixture was stirred overnight at ambient ternperature a ter 
^ichShylethe?wasadded.Theetherea 

^T^c^S donate and once With water, dried over magnesium sulfate^ 

sure. The residue was chromatographed to afford 0.7 g of the desired dienone as an amorphous solid, [afo^o - 
+84" (c = 0.935. chloroform). 

Example 7 

r00461 (17a)-17 23-epoxy-l 9,24-dinorchola^.20-dien-3-oneoxime was preparedf rom (17a)-17.23-epoxy-1 9.24-di- 
Sla^ 2S-dien-3-oKe as foltows: a mixture of 0.7 g of hydroxylamine hydrochloride. 0.56 g of potassium hydrox.de 
and 0 M g c?the starting ketone in 50 ml of ethanol was refluxed overnight. Subsequent^r. the solven was remold 
under ^d'ucd pressure and the residue partrtioned between water and dichloromethane. The organic ^erwa dned 
^er sodium site and concentrated under reduced pressure to afford after reciystalliza ion from dnsopropyl ether 
a23 g of a 3:1 mbcture of the E and Z oxime. M.p. 269.5 'C. [ab^ ^ .43.6' (c = 0.975, chloroform). 

Example 8 

r00471 (3B 17a)-17,23-epoxy-19,24-dinorchola-4.20-dien-3-ol was prepared from (17a)-17,23-epoxy-19,24-dinor- 
chola 4 2o5ien.3-one as follows: 0.65 g of the ketone were dissolved in 10 ml of methanol under a nrt;°9«n atmos^ 
phere. 80 mg of sodium borohydride were added and the mbcture was stirred at ambient ^^P^^^JI^^J^^^^^.^.^^ 
feaction mixture was then partrtioned between water and dichloromethane. The organic layer was washed with 0^ N 
yd^loiLidandwrthb^^^ 

0 62 g of crude material, from which the above alcohol could be obtained by ciystallization frorn ethyl acetate^ M^p^ 
132 3 °C [ab^ = -58.9- (c = 1.36. chloroform). Column chromatography of the mother liquor of the above reac^on 
ISorLd (3a!l%-17.23-epoxy-19.24-dinorchola-4.20-dien-3-ol as 

roform). 
Example 9 

r00481 (3B17a)-17.23-epoxy-19,24-dinorchola-4,20-dien-3-ol acetate (ester) was prepared from (3p.17a)- 
rSepS; 1 9 24-d norchola^^^ mentioned above, as follows: 0.81 g of the alcohol were dissolved .n 4 

ml Of p^ iSe and 1 ml of acetic anhydride was added. The mbcture was stirred overnight ""^-^ ""^r Ze the 
ar^d then coevaporated three times with toluene; the residue was partitioned between water and dichlorome hane t^ 
S?e was dried over sodium sulfate and concentrated under reduced pressure. The residue was recrystallized from 
eThyl acetate to afford 0.55 g of the ester. M.p. 177.7 'C. [a]^^ = -96.6- (c = 1 .02. chloroform). 

Example 10 

r00491 Alternatively the compounds described in Examples 1 -9 can be prepared as follows: The conversion of e.g. 
luwsfj Miierriduveiy, uicv,u H o c 17 o'n'm fnranl-3'-one to {17aM7.23-epoxy-24-norchola- 

(17p)-3-ethoxy-4',5'-dihydrospiro[androsta-3.5-diene-17,2 (3 H)-turan] J one \o \ i /u; i / op y 
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4,20-dien-3-one could be effected by treatment of the former with trimethylsilylmethylmagnesium chloride, followed by 
acid treatment, which not only produces the desired olefin but also effects hydrolysis of the acid-labile protecting group. 
For the selective transformation of the 3'-carbonyl group, the ketone at C-3 of the steroid ring, if present, can also be 
protected with other protecting groups known in the art, e.g. an acetal or a thioketal. Moreover, (17a)-17,23-epoxy- 
s 3-ethoxy-24-norchola-3,5,20-trlene could be prepared directly by treatment of 3-ethoxyandrosta-3,5-dien-1 7-one with 
4-chloro-2-lithio-1-butene (see e.g. E. Piers and V. Karunaratne, Tetrahedron 45, 1089-1104 (1989)). Finally, introduc- 
tion of the 20-21 double bond into the cholane system could also be effected by an elimination reaction of an (17a, 
20^)-1 7,23-epoxy-24-norcholane precursor possessing a suitable leaving group in either the 20- or the 21 -position. 

10 Example 11 

[0050] 

a. Toasolution of 25.6 gof (17P)-4*,5'-dihydro-3-methoxyspiro[estra-1 .3,5(10)-tnene-17,2'(3'H) -furan]-3'-one (see 
IS D. Gange and Ph. Magnus, J. Am. Chem. Soc., 100 (1978), 7746-7747) in 200 ml of ethanol and 200 ml of toluene 

were added 2.85 g of sodium borohydride and the mixture was stirred at room temperature for 16 h. Acetic acid 
was added until pH 7, followed by addition of water, and the mixture was extracted with toluene. Removal of the 
solvent under reduced pressure afforded the crude alcohol, which was crystallized from methanol to yield 24 g of 
(17p,3'S)-4',5'-dihydro-3-methoxyspiro[estra-1, 3,5(1 0)-triene-1 7,2', (3'H)-furan]-3'-ol. M.p. 130 '^C. 
20 b. 

(i) A solution of 9 g of (17p.3'S)-4',5'-dihydro-3-methoxyspiro[estra-1, 3,5(1 0)-triene-17,2'(3'H)-furan]-3'-ol in 
150 ml of tetrahydrofuran was added to a solution of 4 g of lithium in 450 ml of liquid ammonia at -33 °C. After 
stirring for 3 h at this temperature 60 mi of ethanol were added and the ammonia was allowed to evaporate. 

25 The residue was partitioned between water and ethyl acetate. The organic layer was washed with brine, dried 

over magnesium sulfate and concentrated under reduced pressure, affording after trituration with diisopropyl 
ether 8.9 g of (17p,3'S)-4',5'-dihydro-3-methoxyspiro[estra-2,5(10)-diene-17,2'(3'H)-furan]-3'-ol. 

(ii) 8.9 g of the above-mentioned diene were dissolved in 65 ml of methanol and 65 ml of tetrahydrofuran. At 
5 **C a solution of 4.6 g of oxalic acid in 45 ml of water and 22 ml of methanol was added. After stirring for 6 

30 h at ambient temperature the mixture was poured into an ice-cold 1% sodium hydrogen carbonate solution 

and extracted with ethyl acetate. The organic layer was washed with brine, dried over magnesium sulfate and 
concentrated under reduced pressure to give 8.5 g of the crude (17p,3'S)-4',5'-dihydro-3'-hydroxyspiro[estr- 
5(10)-ene-17,2'(3'H)-furan]-3-one. 

(ill) 8.5 g of this ketone were dissolved in 90 ml of pyridine. To this solution were added portionwise 10 g of 
35 phenyltrimethylammonium tribromide during 15 min at 0 ®C. After stirring for 3 h at room temperature the 

mixture was poured into 800 ml of ice-water and the product extracted with ethyl acetate. The organic layer 
was washed with 2M hydrochloric acid and with brine, and dried over magnesium sulfate. The residue was 
chromatographed after evaporation of the solvent to yield 4.7 g of (17p,3'S)-4',5'-dihydro-3'-hydroxyspiro[es- 
tra-4.9-diene-17,2'(3'H)-furan]-3-one. M.p. 180 '^C. 

40 

c. 

(I) A mixture of 4.1 g of (17p,3*S)-4',5'-dihydro-3'-hydroxyspiro[estra-4,9-dlene-17,2'(3'H)-furan]-3-one, 30 ml 
of dichloromethane, 30 ml of ethylene glycol, 1 0 ml of triethyl orthoformate and 200 mg para-toluenesulphonic 

45 acid was stirred for 2 h at room temperature. The reaction was stopped by the addition of water and sodium 

hydrogen carbonate, the layers were separated and the organic layer was washed with water After drying 
over magnesium sulfate and concentration under reduced pressure 5. 1 g of the crude (1 7p,3'S)-4',5'-dihydro- 
3'-hydroxyspiro[estra-4,9-diene-1 7,2'(3'H)-f uran]-3-one cyclic 1 ,2-ethanediyl acetal were obtained, which was 
used in the next step without further purification. 

50 (ii) A mixture of 5.1 g of the above-mentioned compound, 200 ml of toluene, 36 ml of cyclohexanone and 3.6 

g of aluminum iso-propoxide was refluxed for 3 h. After cooling to room temperature, ethyl acetate was added 
and the mixture was washed repeatedly with a 75 % w/v solution of Seignette salt. The organic layer was 
washed with water and brine, and dried over magnesium sulfate. Evaporation of the solvent under reduced 
pressure followed by chromatography afforded 4 g of (17P)-4',5'-dihydrospiro(estra-5(10),9(11)-diene-17,2' 

55 (3'H)-furan]-3,3'-dione cyclic 3-(1 ,2-ethanediyl acetal). M.p. 146 *C. 

d. To a suspension of 3.09 g of methyltriphenylphosphonium bromide in 25 ml of toluene were added 0.83 g of 
potassium tert-butoxide. The mixture was refluxed for 45 min, and then cooled, after which a solution of 1 .10 g of 
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subsequently po.i.ea into i«e-«ater, the loto.netey«^^^^^^^ ^ 0.95 g ol (17.)- 

„ a s.u,^ o. 3. , . ace«^- ^rsoir tiTs^ r^rc^'-^ra^^^^^^^ 

dichloromethane. The organic layer was ^.'^^^J^; The residue was chromatographed 

N^dimethybr^iline and 0.6 g of '"^f '^^Z" ^^Jt^^^^^^^ miof tetrahydrofurar, were added 

at room temperature. SubsequeritlyJ .8gofthe5a,10a epowaeor u ^, 50,^1100 and ex- 

and stirring was continued for 30 min. m.>aure was po^^^^^^^ ^^er^s dTed over magnesium sutfate and 
t^cted w«h ethyl acetate. After wash.ng «nth waten ^ .4 g of the intermediate 

concentrated under reduced pressure. The cyclic 
(5a,11p,17a)-11-[(4-dimethylamino)phenyll-17,23-epoxy o nyaioAy 

1 ,2-ethanediyl acetal. 2 h at 50 "C. After cooling to room 

(iii) 1.4 g of the acetal of e(.,) -n 'I'^.^^^.^^^^X carbonate and extracted wrth ethyl acetate, 
temperature the mixture was neutralized wrth J^y^^^^^^^^^ ^ residue chromatographed to give 
After drying over magnesium sulfate the '^'^l''^;'''^^^^ M.p. 168 

0 9 g of (iip.l7a)-11-[(4-dimethylamino)phenyl]-l7.23-epoxy 19,24-ainorcno 

"C; [ab^o = +125' (c =1 .1 35, dioxane). 
Example 12 

(c = 0.955, dioxane), ,in i a oa riinnrchola-4 9 20-trien-3-one. M.p. 185 '^C. 

bi r.:rt7ri75:?^""''-i-x^^^ '* = 

+121» (c - 1 .155. dioxane). ^ , . . . .7 po eDoxv-7-methyl-19,24-dinorchola-4,9,20-trien-3-one. M.p. 
[0055] (7|J,11p.17a)-11-l(4-dimethylamino)phenyl]-17,23-epoxy /meinyi 

100 -C, [ah^ = +368' (c = 1.02, dioxane). 23-eDOXV-6-methyl-19,24-dinorchola-4,9.20-trien-3-one. M.p. 

[0056] (6p,11p,17a)-11-[(4-dimethylamino)phenyll-17,23 epoxy b mexny 

89 »C; [ab20 = +128' (c =1.03, dioxane). ^^.^ 9 20-trien-11-yl]benzaldehyde. M.p. 187 "C. 

3-one. M.p. 240 'C. „ , q oa Hinnrrhola.4 9 20-trien-11 -yll-N-(2-hydroxy-1 ,1 -dimethylethyOben- 

s :r!?oi^*sr— er^e^tiap^-"-^ 

ylamino)phenyll-17,23-epoxy-19.24-dinachola 4_9 20 t^^e^^^^^ 

aration by chromatography afforded: (fE.liP.l^PHH 4^dimem^^^^^ ^ y^^ ^^^^^^ (3'Z,1ip.17P)-11- 
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dichloromethane). 
Example 13 

s [0064] A solution of 870 mg of 4-[(1 1 p, 1 7a)-1 7,23-epoxy-3-oxo-1 9,24-dinorchola-4,9,20-trien-1 1 -yl]ben2aldehyde 
(Example 1 2) and 1 42 mg of hydroxylamine hydrochloride in 20 ml of pyridine was stirred for 1 6 h at room temperature. 
After evaporation of the solvent the residue was chromatographed to afford 750 mg of an E/Z-isomer mixture of 4- 
[(1ip,17a)-17,23-epoxy-3-oxo-19,24-dinorchola-4,9,20-trien-11-yl]benzaldehyde oxime. M.p. 250 *C. 

10 Example 14 

[0065] 300 mg of the E/Z-isomer mixture of the oximes of Example 1 3 were heated in 6 ml of acetic anhydride for 2 
h. After removal of the solvent under reduced pressure, the residue was chromatographed to give 230 mg of 4-[(1 1 p, 
17a)-17,23-epoxy-3-oxo-19,24-dinorchoIa-4,9,20-trlen-11-yl]ben2onitrl!e. M.p. 218 "C. 

IS 

Example 15 

[0066] A mixture of 350 mg of (1ip,17a)-11-[(4-dimethylamino)-phenyl]-17,23-epoxy-19,24-dinorchola-4,9,20-trien- 
3-one (Example 11) and 57 mg of hydroxylamine hydrochloride in 6 ml of pyridine was heated at 90 for 30 min. 
20 After cooling to room temperature, the mixture was poured into water, filtered, and dried to give 300 mg of a 2/1 mixture 
of (3E/Z,1ip,17a)-11-[(4-dimethylamino)phenyl]-17,23-epoxy-19,24-dinorchola-4,9,20-trien-3-one oxime. M.p. 148 
"^C; [alpSo ^ +1 450 (c = 1 .22, dioxane). 

Example 16 

25 

[0067] 

a. A mixture of 520 mg of (5a,11p,17a)-17,23-epoxy-5-hydroxy-11-[(4-methylthlo)phenyl]-19,24-dinorchola- 
9,20-dien-3-one cyclic 1,2-ethanediyl acetal [prepared analogously to Example 11e(ii)], 5 ml of acetone and 0.1 

30 ml of 30% hydrogen peroxide was refluxed for 2 h. After cooling to room temperature, water was added and the 

mixture was extracted with ethyl acetate. The organic layer was washed with a sodium thiosulfate solution and 
with water, dried over magnesium sulfate and concentrated under reduced pressure. 

b. The residue of the above step (515 mg) was dissolved in 5 ml of 70% acetic acid and heated for 3 h at 50 °Cr 
After cooling to room temperature the mixture was neutralized with sodium hydrogen carbonate and extracted with 

35 ethyl acetate. After drying over magnesium sulfate, the solution was filtered over silica gel to give 250 mg of a 

mixture of diastereomeric sulfoxides of (1ip,17a)-17,23-epoxy-11-[4-(methylsulfinyl)phenyl]-19,24-djnorchoia- 
4,9,20-trien-3-one. Although possible, the diastereomers were not separated by chromatography M.p. 115 **C. 

Example 17 

40 

[0068] 670 mg of {1ip,17a)-11-[(4-dimethylamlno)phenyl]-17,23-epoxy-19,24-djnorchola-4,9,20-trien-3-one (Exam- 
ple 11) were dissolved in 45 ml of ethanol under a nitrogen atmosphere. 210 mg of sodium borohydride were added 
and the mixture was stirred at ambient temperature for 3 h. Water was added and acetic acid until pH 7 and the mixture 
was extracted with ethyl acetate. The organic layer was dried over magnesium sulfate and concentrated under reduced 
45 pressure. The residue was chromatographed to give (3p,1ip,17a)-11-[(4-dimethylamino)phenyl]-17,23-epoxy- 
19.24-dinorchola-4,9,20-trien-3-ol. M.p. 95 °C; (aJo^o = +102^ (c = 0.525, dioxane) and (3a.1ip,17a)-11-[(4-dimethyl- 
amino)phenyl]-17,23"epoxy-19,24-dinorchola-4,9,20-trien-3-ol. M.p. 110 °C; [ajp^o^ +16'* (c = 0.5, dioxane). 

Example 18 

so 

[0069] 

a. To a solution of 520 mg of a diastereomeric mixture of (5a, 1 1 p, 1 7a)-1 7,23-epoxy-5-hydroxy-1 1 -[4-(methylsulfi- 
nyl)phenyl]-1 9,24-dinorchola-9,20-dien-3-one cyclic 1 ,2-ethanediy! acetal (Example 1 6a) in 5 ml of methyl alcohol 

ss was added, at 5 **C, a solution of 615 mg of oxone in 6 ml of water. After stirring for 3 h at this temperature the 

mixture was extracted with dichloromethane. The organic layer was washed with water, dried over magnesium 
sulfate and concentrated under reduced pressure. 

b. The residue (520 mg) of step a) was dissolved in 5 ml of 70% acetic acid and heated for 3 h at 50 **C. After 
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142 **C. 
Example 19 



10 



L Jld«d. TMml«u,e«as*,ed«erni9h.unde, a „, 2^ ^ 



t5 



3-ol acetate (ester). M.p. 148 
Example 20 
[0071] 



20 



25 



30 



35 



45 



SO 



55 



o. (2.b™mo-5™ihoxyt,en2,l)magn,»rn f^^^'^^^^Z^M o...nV « room l«npe«.u-e. Wck- 

20-dien-3-one cyclic 1 .2-ethanecliyl acetal M P;^226 'C. hydrochloric acid was stirred at 40 'C for 

c. A solution of 0.7 g of this acetal .n 50 ml ^^^.f "'^ ''^^^^^^^ added and the mbcture was extracted 

45 min. After cooling to room temperature, ^^^'^^^^^^^^^^^^^^^^ removed in vacuo and the 
With ethyl acetate. The organic layer was ^"'^^'^^^^^^^^^ 

residue was chromatographed to give 0.4 g of ^^^"^^^^^^^^^^"^ ^ 
1':-10.9.11l-19.24-dinorchola^,9(11).20-trien-3^e. M.p. 206 C. 



Example 21 



40 followed by acid treatment. 
Example 22 
[0073] 



17,23-epoxy-19-(3-methoxyphenyl)-24-norchola-4.9(11).20-tnen S^ne. M.p. loa 
Example 23 
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1 -methoxy-1 ,2-propadiene. After stirring for 45 min at this temperature 1 0.6 g of estra-5(1 0),9(1 1 )-diene-3, 1 7-dione 
cyclic 3-(1 ,2-etlianediyl acetal) were added. Subsequently, the mixture was stirred at -40 **C for 30 min and poured 
into an Ice-cold ammonium chloride solution. Ethyl acetate was added and the layers were separated. The organic 
layer was washed with brine and dried over magnesium sulfate, and the solvent was removed under reduced 
s pressure. 

(ii) The crude 1,2-propadiene was mixed with 230 ml of tert-butanol, 3.75 g of potassium tert-butoxide and 0.3 g 
of dicyclohexano-18-crown-6. After refluxing for 8 h, the mixture was poured into water and extracted with ethyl 
acetate. The organic layer was dried over magnesium sulfate, evaporated, and the residue was chromatographed 
to afford 9.1 g of (17P)-3'-methoxysplro[estra-5(10),9(11)-diene-17,2'(5'H)-furan]-3-one cyclic 1 ,2-ethanediyl 
10 acetal. 

(Ill) This enol ether was dissolved in 70 ml of acetone and a 1 M hydrochloric acid solution was added until pH 2. 
The mixture was stirred for 3 h, subsequently poured into a sodium hydrogen carbonate solution, and extracted 
with ethyl acetate. After drying over magnesium sulfate and removal of the solvent, the residue was subjected to 
chromatography to yield 6.4 g of {17P)-4',5'-dlhydro-splro[estra-5(10),9{11)-dlene-17,2'(3'H)-furan]-3,3'-dione cy- 
is cllc 3-(1 ,2-ethanediyl acetal). 

Example 24 

[0075] 

20 

a. To a solution of 1.2 g of (17a)-19-[1-(2-bromo-5-methoxy)phenyl]-17,23-epoxy-5-hydroxy-24-norchola-9(11), 
20-dlen-3-one cyclic 1,2-ethanediyl acetal (Example 20a) in 17 ml of dichloromethane were added a solution of 
1 23 mg of sodium hydrogen carbonate in 4.6 ml of water and 400 mg of m-chloroperbenzoic acid. After stirring for 
1 .5 h the mixture was worked up as described in Example 11 e(i). Chromatography gave 880 mg of the intermediate 

25 9a, 11 a-epoxide. 

b. A mixture of 880 mg of this epoxide, methylmagnesium iodide (prepared from 220 mg of magnesium and 0.9 
ml of methyl iodide in 9 ml of diethyl ether) and 17.5 ml of n-butyllithium (1.6M solution in hexane) was stirred for 
1 6 h at room temperature. Work up as described in Example 1 1 e(ll) afforded the crude 9-hydroxy 3-acetal derivative, 
which was dissolved in 50 ml of acetone containing 2.5 ml of 4M hydrochloric acid. After stirring for 45 min at 40 

30 the mixture was worked up as described in Example 20c to yield after purification by chromatography 50 mg 

of (9a, 1 1 a, 1 7a)-1 7,23-epoxy-9, 1 1 -dlhydro-9-hydroxy-6'-methoxy-4*H-naphtho[3',2\ 1 ': 1 0,9, 1 1 ]-1 9,24-dinorchola- 
4,9(11 ),20-trien-3-one. [a]^^^ = -6*» (c = 1.0, dioxane). 

Example 25 

3S 

[0076] The intermediate of Example lid can also be prepared In one step by a reaction of estra-5(10),9(11)-dien- 
3,17-dlone cyclic 3-(1,2-ethanediyl acetal) with 4-chloro-2-llthlo-1-butene. 

Example 26 

40 

[0077] 

a. To a solution of 1.5 ml of 1 -methoxy-1, 2-propadiene in 21 ml of tetrahydrofuran were added 10.2 ml of n-butyl- 
lithium (1.6 M solution in hexane) at -78 **C. After stirring for 45 min, 2.2 g of (1ip)-11-(4-methoxyphenyl)-estr- 

45 5-en-3,1 7-dione cyclic 3-(1,2-ethanedlyl acetal) (described in German patent application DE 4018167) were added 

and stirring was continued for 1 h at -78 °C and 45 min at -30 °C. The mixture was poured into water, ethyl acetatei 
was added and the layers were separated. The organic layer was washed with brine, dried over magnesium sulfate, 
and the solvent was removed under reduced pressure. 

b. This crude 1 ,2-propadiene was mixed with 75 ml of tert-butanol, 0.65 g of potassium tert-butoxide and 0.3 g of 
so dicyclohexano-18-crown-6. After refluxing for 16 h, the mixture was poured into water and extracted with ethyl 

acetate. The organic layer was dried over magnesium sulfate, evaporated, and the residue was chromatographed 
to afford 2.5 g of (1ip,17P)-3'-methoxy-11-(4-methoxyphenyl)spiro[estr[5]ene-17,2'(5'H)-furan]-3-one cyclic 
1,2-ethanediyl acetal. 

c. To a stirred suspension of 7.5 g of silica gel and 0.75 ml of a saturated aqueous oxalic acid solution in 15 ml of 
5S dichloromethane were added 2.5 g of the above-mentioned methyl enolether. After stirring for 1 h at room tem- 
perature the mixture was filtered and the silica gel was washed with dichloromethane containing 5% of methanol. 
The filtrate was washed with a sodium hydrogen carbonate solution and with water and dried over magnesium 
sulfate. Chromatography afforded 2.1 g of (1ip,17P)-4',5'-dihydro-11-(4-methoxyphenyl)spiro[estr[5]ene-17,2'- 
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(3'H)-furanl-3.3"-dione cyclic 3-(1 ,2-ethanediyl ^, of toluene were added 0.43 g of 

L TO a Jpension of 1.6 g ^^^^^^^^^^^tTZ^o^^^^ after which a solution 

potassium tert-butoxlde. The rnorture ^^^ [^^^^1° .^^ ^^^.^e «ere added and the mixture was refluxed 
of 1 .4 g of the above-mentioned acetal (Example ^ « separated, washed with brine, dried over 

for 45 min. The suspension was poured into ;f ^ ^r/ss^eT^ c^romatographed to yield 1 g of 

:;rureof.goftheabove-mentioned^^^^^^^^^^^^ 

0.8 g of (iip,17a)-17.23-epoxy-11-(4-methoxyphenyl)-l9.24 dinorcnoia 



Example 27 



3.(V2-ethanediyl acetal). [a]D20 = ^25Mc = 1^25^dm^^^^^ from (1iP)-11-(4-meth- 

[0079] (11P.17a)-17.23-epoxy-11-(4-methoxypl^enyO-19^4 d^ ' ^ .c. 

oxyphlnl)-estra-5.15.diene-3.17-dionec^^^^^^^^^ 
[0080] (11P.17P.3•E)-3■-ethydene-4^5^cJh^^^^^^^ 



chromatography 
Example 28 
[0081] 



•0. Alter cooling sodto h,d««en <»'^« 'T^^^.^t, a-S ^ ch,oma.OB™ph«i to alToKi 



Example 29 
[0082] 



5 



9£j 

. .0 a o, 5.e . o, .0 ao=«, o.„--^~af 0 •'2 ^ rri^ sz^::^ - 

were added 2.3 ml of trifluoromethanesultonic anhydride a u ^. separated, and the organic layer 

nocture was poured into a sodium hydrogen carb^^^^^^^^^ 

trffluotomelhanesuKooato. M.p. 198 X, 3aolllttilumchlorlclein28mlof N.NKlim«ltiy»omiamlde 

which was used in the next step without further pur*catioa hydrochloric acid was 

c. Ambctureof ^ ^ 9 the above-men,on^^^^^ , g of (1ip.17a)-11- 
stirred for 2 h at 40 ^'C. Work-up as describedjn hxampie i le ya , 

ir2etJ;phenyVl7.23-epoxy;l9.24-^^^^^^^^^ ^^ P" C 
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Example 30 
[0083] 

s a. A suspension of 2.2 g of the triflate of Example 29a and 0.48 g of lithium chloride In 75 ml of dioxane was stirred 

for 15 min at room temperature. Subsequently, 0.22 g of tetrakis(triphenylphosphine)palladium(0) and 5.6 ml of 
bis(trlbutyl)tin were added and the mixture was refluxed for 2 h. After cooling, 6.75 g of 4-bromoben2onitrile were 
added and refluxing was continued for 24 h. The mixture was poured into brine and ethyl acetate was added. The 
organic layer was separated, dried over magnesium sulfate and evaporated. The residue was purified by chroma- 
10 tography to afford 1.3 g of 4*-[(1ip,17a)-17,23-epoxy-3,3-[1,2-ethanedlylbis(oxy)]-19,24-dinorchola-5.20-dlen- 

1 1 -yl]-1 , 1 •-biphenyl-4-carbonitrile. 

b. A mixture of 1.3 g of the above-mentioned nitrile in 65 ml of acetone and 3.25 ml of 4M hydrochloric acid was 
stirred at 40 *C for 2 h. Work-up as described in Example 11 e produced, after chromatography, 0.7 g of 4'-[(1ip, 
17a)-17,23-epoxy-3-oxo-19.24-dinorchola-4.20-dien-11-yl]-1,r-biphenyl-4-carbonltrlle. M.p. 177 *C. 

15 

Example 31 
[0084] 

20 a. A mixture of 2.2 g of the triflate of Example 29a, 32 ml of toluene, 15 ml of ethanol, 0.59 g of diethyl (3-pyridyl) 

borate, 0.4 g of lithium chloride, 0.27 g of tetrakis(triphenylphosphine)palladium(0) and 6 ml of a 2M aqueous 
sodium carbonate solution was refluxed for 2.5 h. After cooling, ethyl acetate and brine were added and the layers 
separated. The organic layer was washed with brine, dried over magnesium sulfate and the solvent was removed- 
under reduced pressure. The residue was chromatographed to afford 2 g of (1ip,17a)-17,23-epoxy-11-[4-(3-py- 

25 rldinyl)phenyl]-1 9.24-dinorchola-5,20-dlen-3-one cyclic 1 ,2-ethanedjyl acetal. 

b. A mixture of 2 g of this acetal, 100 ml of acetone and 5 ml of 4M hydrochloric acid was stirred for 2 h at 40 ®C. 
Work up as described in Example 11 e gave 1 g of (11p,17a)-17,23-epoxy-11-[4-(3-pyridinyl)-phenyl]-19,24-dinor- 
chola-4,20-dien-3-one. M.p. 255 **C. 

30 Example 32 

[0085] 

a. To a mixture of 1.2 g of (1ip,17a)-17,23-epoxy-11-(4-methoxyphenyl)-19,24-dinorchola-4,20-dien-3-one (Ex- 
3S ample 26e), 30 ml of tetrahydrofuran, 0.4 ml of trimethylorthoformate, and 3.3 ml of methanol were added 0.6 ml 

of boron trrfluoride etherate at 0 °C. After stirring for 6 h at this temperature, pyridine was added and the mixture 
was evaporated under reduced pressure. The residue was chromatographed to afford 1 g of methyl dienol ether. 

b. To a solution of 1 g of this methyl dienol ether in 10 ml of acetonitrile were added 800 mg of palladium(ll)acetate. 
The mixture was stirred for 1 6 h at room temperature and subsequently filtered over celite. After washing the celite 

40 with ethyl acetate, the filtrate was concentrated under reduced pressure. The residue was purified by chromatog- 

raphy to give 350 mg of (1ip,17a)-17,23-epoxy-11-(4-methoxyphenyl)-19,24-dinorchola-4,6,20-trien-3-one. M.p. 
225 *»C. 

Example 33 

45 

[0086] 

a. To a solution of 1 g of the acetal of Example 26d in 10 ml of dichloromethane containing 0.1 ml of pyridine were 
added at 0 0.1 ml of hexachloroacetone followed by 1 ml of 30% hydrogen peroxide. The mixture was stirred 

so at room temperature for 7 days. After this period, water and dichloromethane were added; the layers were sepa- 

rated, and the organic layer was washed with a sodium thiosulfate solution and water The solution was dried over 
magnesium sulfate, the solvent was evaporated, and the residue chromatographed to afford 0.53 g of the inter- 
mediate 5a,6a-epoxide. M.p. 223 '^C. 

b. To a solution of 0.53 g of this epoxide in 3 ml of tetrahydrofuran were added 4.7 ml of a methyl-magnesium 
ss chloride solution (3M in tetrahydrofuran) at -20 **C. The mixture was stirred for 16 h at room temperature, poured 

slowly into an ice-cold ammonium chloride solution, and extracted with ethyl acetate. The organic layer was washed 
with brine and dried over magnesium sulfate and the solvent was removed under reduced pressure. The crude 
(5a,6P, 1 1 P, 1 7a)-1 7,23-epoxy-5-hydroxy-1 1 -(4-methoxyphenyl)-6-methyl-1 9,24-dinorchola-20-en-3K)ne cyclic 
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1 9 Pthanadivlacetal (0 55 q) was used in the next steps without further purification. ou,>,r^ 
c A mirrei 0 g d ^ 0.5 n,i of 4M hydrochloric acid and 10 ml of acetone wa-t,r.d ^^^^^^ h^ 40 

•C S up as described in Example 26e afforded, after chromatography, 0.12 g of (6a.1ip.17a)-17.23-epoxy- 

:^rn::::r3;^r^^^^ 

0»C work-up as described in Example 26e afforded after chromatography. 0.25 g of (5a,6p.1ip.17a) 

stir^edSr i 5 h at room temperature. Subsequently, the solution was poured into a saturated ammonium chlor.de 
^^^^^ 

and the solvent removed under reduced pressure. Chromatography aAorded 0.08 g of (6p.1ip.17a) 17.23 epoxy 
11-(methoxyphenyl)-6-methyl-19,24-dinorchola-4.20-dien-3-one. M.p. 201 C. 

Example 34 

[00871 (i7a)-17.24.epoxy-13.ethyl-18.19-dinorchola-4.20^ien-3-one was prepared from 3-ethoxy-1 3-ethylgona- 
3,5-dien-17-one as follows: 

( ™'.3.«hoxy.1 3.elhyl.24-tn™thyl8ilyloxy-18,1 9.din<x*<.la-3.5,20-trlen-17<<, wh«l. ««s used .n the next step 

rTJlTmsSdicnbsd above »e,e dissolved in a mixture of 1,00 ml o. asetone. „^ o(»aterand 
ml o. c^««LeXl^to,K= acii and the mixture ..Led a. ,o«r »mps.a.ure -o, '^'^tlT^S 

sISfate. and concentrated under reduced pressure. The residue was chromatographed to afford 7.86 g (33/o) of 
M7ff^ iq-Pthvl-17 24-dihvdroxv-18,19-dinorchola-4,20-dien-3-one. 

c TO a ^2n If 3 27 g'of t^^ diol obtained in the previous step and 5.8 ml of sKX^IIidine .n 18 ml o dn^d^chto- 
• ^orTeth^e were dropwise added 1 .05 ml of methanesulfonyl chloride. The mixture was then stirred at room tem- 
ratSrrn^ratter which period the reaction mbrture was poured into water; this ^^'^^'''^^^^'"^Z 
SIth eTv^^^cttarmrcombined extracts were washed with water (four times) and with brine and dried over 
r^iuts S The solves was removed by evaporation under reduced pressure, and the residue token up in a 
mt^Je o stml of sSXrand 40 ml of 6^ toluene. The solution was refluxed for 1 h. after which rt was poured 
^rj^ti^xtltn w^^ ethyl acetate, washing of the combined extracts with ^I^^J^^ ^er sod,^ 
and evaporation of the solvent left a residue which was P"^^-^ 5;c*,rom^ogr^^^^^^^^ 
17.24-epoxy-13-ethyl-18.19-dinorchola-4.20-dien-3-one. M.p. 167.1 'C. [a]o^ - -34.8 (c - l.u, cniorororm;. 

Example 35 

[0088] In a similar manner as in Example 34 were prepared: ,t m n i7n ^ »C raU20- - 31* (c 

ll7a)-17,24-epoxy-19-norchola-4.20^ien-3-onefrom3-ethoxyestra-3,5-d,en-17-one.M.p. 170.5 C. Md - (c 

Foi'^r'o?ST];24-epoxy-11-methyiene «-m 11-methyleneestr-4.ene-3.17-dione 

^ -T^S^^^^^^ 11-methyleneest..1S.lene- 

nyl)estr-5-ene-3.17-dione cyclic 3-(1 ,2-ethanediyl acetal). M.p. 169 "C. 
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Example 36 
[0093] 

5 a. (17a)-17-hydroxy-244rimethylsi!yloxy-19-norchola-5(10),9{11),20-trien-3-one cyclic 1,2-ethanediyl acetal was 

prepared from 44 g of estra-5(1 0),9(1 1 )-dlen-3, 1 7-dione cyclic 3-(1 ,2-ethanediyl acetal) [A. Belanger et al. Steroids 
37 (1981), 361-383] as described in Example 34a. 

b. The crude product of the previous step was dissolved in 500 ml of tetrahydrofuran and added to a suspension 
of 22 g of potassium fluoride and 2.6 g of 1 8-crown-6 in 250 ml of tetrahydrofuran. After stirring at room temperature 

10 for 1 h, water and ethyl acetate were added, the layers were separated, and the organic layer was washed with 

brine and dried over magnesium sulfate. Concentration in vacuo followed by chromatography afforded 21 g of 
estra-5(1 0), 9(1 1 )-dien-3.1 7-dione cyclic 3-(1 ,2-ethanediyl acetal) and 25 g of (17a)-17,24-dihydroxy-19-norchola- 
5(10),9(11),20-trien-3-one 3-cycllc 1,2-ethanediyl acetal. 

c. To a solution of 25 g of (17a)-17,24-dlhydroxy-19-norchola-5(10),9(11),20-trlen-3-one cyclic 1,2-ethanediyl 
IS acetal in 107 ml of dichloromethane and 54 ml of pyridine were added 6.4 ml of methanesulfonyl chloride at 0 ""C, 

and stirring was continued at room temperature for 2 h. The reaction mixture was poured into a sodium hydrogen 
carbonate solution, ethyl acetate was added and the layers were separated. The organic layer was washed with 
brine, dried over magnesium sulfate and the solvent was removed under reduced pressure affording 35 g of crude 
(1 7a)-1 7-hydroxy-24-methanesulfonyloxy-1 9-norchola-5(1 0),9(1 1 ),20-trien-3-one cyclic 1 ,2-ethanediyl acetal. 

20 d. 35 g of this crude mesylate were dissolved in 275 ml of toluene and 40 ml of collidine and the solution was 

refluxed for 2 h. Subsequently, the reaction mixture was poured into a sodium hydrogen carbonate solution, ethyl 
acetate was added and the layers were separated. The organic layer was washed with brine and dried over mag- 
nesium sulfate. After concentration in vacuo, chromatography afforded 15 g of (17a)-17,24-epoxy-19-norchola-5 
(10),9(11),20-trien-3-one cyclic 1,2-ethanediyl acetal. 

2S e. A mixture of 3.8 g of the above-mentioned acetal, 0.3 ml of pyridine, 1 ml of a,a,a-trlfluoroacetophenone, 57 ml 

of dichloromethane and 13.5 ml of 30 % hydrogen peroxide was stirred for 3 days at room temperature. Subse- 
quently, dichloromethane and water were added, the layers were separated, and the organic layer was washed 
with a sodium thiosulfate solution and water. After drying over magnesium sulfate and evaporation of the solvent, 
the residue was chromatographed to give 3 g of the intermediate 5a,10a-epoxlde. 

30 f. To a solution of [(4-dimethylamino)phenyl] magnesium bromide (prepared from 1 .5 g of 4-bromo-N,N-dimethyl- 

anillne and 185 mg of magnesium) in 6 ml of tetrahydrofuran were added 21 mg of copper(l)chIoride at room 
temperature. Subsequently 623 mg of the 5a, 1 0a-epoxide of Example 34e in 5 ml of tetrahydrofuran were added 
and stirring was continued for 1 h. The mixture was poured into an ammonium chloride solution and extracted with 
ethyl acetate. After washing with water, the organic layer was dried over magnesium sulfate and concentrated 

35 under reduced pressure. The residue was chromatographed to afford 727 mg of the intermediate (5a, lip, 17a)- 

1 1 -[4-(dimethylamino)phenyl]-1 7,24-epoxy-5-hydroxy-1 9-norchola-9,20-dien-3-one cyclic 1 ,2-ethanediyl acetal. 
M.p. 179 *»C. 

g. 562 mg of the acetal of 34f in 5 ml of 70% acetic acid were heated for 1 h at 50 "C. After cooling to room 
temperature the mixture was neutralized with sodium hydrogen carbonate and extracted with ethyl acetate. After 
40 drying over magnesium sulfate, the solvent was evaporated and the residue chromatographed to give 447 mg of 

(11p,17a)-11 -[4-(dimethylamino)phenyl]-17,24-epoxy-19-norchola-4,9,20-trien-3-one. M.p. 158 **C. 

Example 37 

45 [0094] In an analogous manner as described in Example 36 were prepared: 

(1ip,17a)-17.24-epoxy-11-(4-methoxyphenyl)-19-norchola-4,9,20-trien-3-one. M.p. 116 *C. 
[0095] (1ip,17a)-11-(4-acetylphenyl)-17,24-epoxy-19-norchola-4,9,20-trien-3-one. M.p. 154 
[0096] (1 1 p, 1 7a)-1 7,24-epoxy-1 1 -(4-methylthiophenyl)-1 9-norchola-4,9,20-trien-3-one. M.p. 1 53 '^C. 
[0097] (1 1 p, 1 7a)-1 7,24-epoxy-1 1 -[4-(1 -methylethyl)phenyl]-1 9-norchola-4,9,20-trien-3-one. M.p. 1 30 •'C. 

so 

Claims 

1. A steroid derivative the steroidal skeleton of which is bound at carbon atom 17 to a spiromethylene ring of the 
55 formula: 
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steroid or carbon atom 1 7a of a homosteroid, 

vlith the proviso that excluded are compounds accord.,g the formula 




2. 



in which: 

R anriR are both hydrogen; or one is hydrogen and one Is (Ci.6)alkyl; 
The steroid derivative of claim 1 . wherein the steroidal skeleton has the fomiula: 




wherein 



n 



isO or 1; 



I IhXoS. O^'- splroCCtop^pyl, 0-t09e.h»»m R,»R,.CH,. OF, COC 

Ha 2' 
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rolidinyl, or (O.alkynyl) when X is a bond, or R2 and R3 together with C2 and C3 of the steroid 
skeleton form an oxazole: 



or a diazole: 




R4 is H, alkyi, halogen, CN, N3, OH, phenylmethyl, phenylthlomethyl, nnethylthio, or alkylcarb- 

onylthio; 

R5 is H or OH; 

One of Rgand R7 is H, alkyI, CF3, CHgF, OH. halogen. CN, OalkyI, Oacyl, Sacyl, CH2OH, NOg, COOalkyI, 
OSOgalkyI, or spirocyclopropyl, and the other Is H, or Rg together with R7 is CHg, CFg, O, 
CHCICHCI, or Rq together with R©- is CR2 when R7 Is H, or R7 together with R7. Is CHg or 
CF2 when Rg is H; 

Rg. is H, or H or alkyI when Rg is alkyI, or H or halogen when Rg is halogen, or together with Rq 

the groups indicated In the definition of Rg, or H or F when Rg and R7 are together CFgi 

R7. is H, or H or alkyI when R7 is alkyI, or H or halogen when R7 is halogen, or together with R7 

the groups indicated in the definition of R7; 

Rq Is H or CH3; 

Rg is H, halogen, OH, or methyl, or together with R^q CHg or O; 

R^o halogen substituted alkyI, alkenyl, alkynyt, halogen, OH, OOH, OOacyl, OalkyI, 

Oalkynyl. amino, alkyl-substituted amino, NHacyl, aminomethyl, alkyl-substituted aminome- 
thyl, CHO, COOH, COOalkyI, CHgOH, CHgOacyl, CH2CH2OH, or together with R^, R9, or 
Rii the groups indicated in the definition of R^, R9, and R^^ respectively, or together with 
C10, C9, C11 of the steroid skeleton, and R^^, when R^^ is an aryl or heteroaryl, a 6-mem- 
bered ring; 

R^^ Is H, alkyl. cycloalkyi, alkenyl, alkynyl, phenylethyl, arylethynyl, heteroarylethynyl, halogen- 

substituted alkyI, alkyl-substituted aminoalkyi, halogen, CH2OCH3, OH, OOH, OalkyI, Oa- 
cyl. SH, SalkyI, N3, Si(CH3)2, aryl, or heteroaryl, or R^^ together with R^. is CH2, CFg, or 
CHF, or together with R^q 0C=0 or OCHF, or together with R^ OCH2, or together with R13 
OCH2orCH2CH2CH2; 

R^y is H, alkyl, cycloalkyi, alkenyl, alkynyl,' phenylethyl, arylethynyl. heteroarylethynyl, halogen- 

substituted alkyl, alkyl-substituted aminoalkyi, halogen, CH2OCH3, OH, OOH, OalkyI, Oa- 
cyl, SH, SalkyI, N3, Si(CH3)2, aryl, or heteroaryl, or R-n- together with R^-, the groups indi- 
cated in the definition of R-j^, or together with R13 CH2CH2CH2 when R^ is H; 

Ri3 is H, alkyl, alkenyl, alkynyl, fluoro-substituted alkyl, phenyl, or cycloalkyi, or R13 together 

with R^i, R^y, or R^g is CH2CH2CH2; 

One of Ri5 and R^g is H, OH, OalkyI, Oacyl, halogen, alkyl, or spirocyclopropyl, and the other is H, or R^^ to- 
gether with R-ie is CH2 or CCIF; 

R-,5. is H or together with R-,5 CH2 or F2 when R-,e is H; 

Rie- is H or together with R-,6 CH2 or F2 when R^g is H; 

the twitched lines represent an a or p bond; and the dotted lines represent up to four optional non-adjacent bonds; 
or pharmaceutically acceptable salts thereof. 

The steroid derivative of claim 1 or 2, wherein 

n is 0; 
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^ isCHRi; 

Rl, R2'R2'. Fi4. F^6'. 

R7sR8>R9.Ri&andRi6' ^re^^' 
Rg and R7 



are n; 

CH2; 

Tan N-Se of the amino or alkyl-substrtuted amino, or R„ together with 

is S'll^l ^''ethinyl, phenylethynyl, phenyl which is substituted at its po- 
:itton?with CN. acy\ LkoxyalKyl. amino or all^^substrtuted am.no. or an N- 
oxide thereof, or Rir together with is CHa. CFg. or CHF. 

P is alkyi; 

3 . Q are H or together is CH2, 

R^gana H16 

the 13 ^^"'^J^ P -^J^;;; ?o"4-?i5' 1?5-10; 3-4; or 4-5,6-7 of the steroid skeleton may have an addittonal bond, 
positions 4-5; 4-o,tt-y, 1 t ^i, • 

I. The steroid derivative of any one of claims 1-3, wherein 
n is 0; 

B4, Rs. Be.. Rr. Rs- "ic Bia- Ris. Ris- R.- and R,e.are H; 
R3 is Hg, O, (H,OH), or NOH; together with R7 is CHai 

Re and are H. or one of Re and R7 -s H and he "^^er^^ dimethylamino. vinyl, acetyl. 

R , is H, CH3, CH,=CH, o^^^-Vl. me ^^^^^^^^^^ CONRR- R' and R" being independently H, alky., or 
methoxy, methylthio, oxazole, CN. CHO. ^"/^OM. or o«jin . 
hydroxy substituted alkyI, or R,, together wrth R, v -s CH^, CHF. or CF^. 
R.., is H or together with RiiCHa.CHR or CF2, 

bond. 

5. The steroid derivative of any one of claims 1 -4. wherein 

"SkZ R4. Rs. Re. Re.. R. R. Be. R.- R.- Ris. R.S.. B.e. and R,. are H; 

. . ■ «..t«l or D-methvlthio substituted phenyl; the 13 bond is P and the 14 bond >s a; 

6 Th9M.»idd.n»aliveolanyoneolclalm5l-5tou8«ii.th«*y. 

• .L. 1 > . r alkvl after which the 1 7-allenyl derivative obtained is treated 

a) alkylOCLi=G=CH2 where.n alkyI .s a ^ ,uran ring, carbon atom 

with a base in a suitable solvent or w.th ^''^ "'^^^ of a homosteroid), which after acid 

2 of which is carbon atom 17 17 of the steroid skeleton (or carbon 
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into a leaving group, followed by ring closure to the 17-spiroether derivative: 

after which the remaining protecting groups, when present, are removed and the compound obtained is 
optionally converted into a pharmaceutically acceptable salt. 

8. A pharmaceutical preparation comprising the steroid derivative of any one of claims 1-5 and pharmaceutically 

acceptable auxiliaries. 

9. A use of the steroid derivative of any one of claim 1 -5 for the manufacture of a medicament having progestational 

or antiprogestational activity. 

10. A use of the steroid derivative of any one of claims 1 -5 for the manufacture of a medicament for contraception. 



Patentanspruche 

1. Steroidderivat, dessen Steroidgerust am Kohlenstoffatom 17 an einen Spiromethylenring der Formel 




gebunden ist, 

wobel R3 und unabhangig vonelnander aus der Gruppe bestehend aus Wasserstoff , Methyl und Halogen 

stammen, m fur 1 oder 2 steht und das Stemchen das Kohlenstoffatom 2 des Spiromethylenrings bezeichnet, 
welches das Kohlenstoffatom 1 7 des Steroids oder das Kohlenstoffatom 17a eines Homosteroids darstellt; mit der 
MaBgabe, da3 Verbindungen der Formel 




worin: 

Rg und R^^ jeweils fur Wasserstoff stehen Oder ein Rest fur Wasserstoff und der andere fur Ci.e-Alkyl steht; 

Rg, R 6 und R7 jeweils fur Wasserstoff stehen oder ein Rest fur Ci.e-Alkyt steht und die anderen fur Wasser- 
stoff stehen; 

Rs fur eine Amino-, Mono- oder Di-Ci.6-Alkylamino-, C2.e-Acyl-, Methylthio- oder Ci.6-Alkyloxy- 

gruppe steht; 

und (a) R3 fur O oder H,H steht; R5 fehit und die gestrichelte Linie eine Doppelblndung bedeutet 

Oder 

(b) R3 fur H.H steht, R5 fur OH steht und sich zwischen den Kohlenstoffatomen 4 und 5 eine 
Einfachbindung befindet. 



ausgenommen sind. 
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Steroidderivat nach Anspruch 1 . bei dem das SteroWgerust die 




aufweist, worin 

n 
X 



fur 0 Oder 1 steht; 



3 fur H, Alkyl. CHgOn. on, un, w /a y , . r ^..XQMQUrten Gruppen oder 

^ Ri Oder R3 fur die bei der DeM von R, bzw. R3 «^'9_«^^^^^^^^^ h, OH, 

gemeinsam mit R^ofOr CH^ oder gemeinsam mrt Rgfur -CH H. wo 
O-Alkyi Oder O-Acyl bedeutet, steht, 

fOr H. Ail<yl Oder CN oder gemeinsam mit R2 fur die oei aer u 

^ aufgefuhrten Gruppen stelit; o-AlkvH (H,0-Cy- 




for K Alky., Halogen, CN, N3, OH. Phenylmethyl. Phenylthiomethyl. Methylthio 
^ Oder Alkylcarbonylthio steht; 

f M ';2,?f''?h' F oh Hai^on. CN, 0-Alk,l, O-Acyl, S-Acyl, CH^OH, NOa. 
COO AiKyi, y cHCICHCI oder, falls R7 fur H steht, Rg ge- 

^ fur H Oder Halogen oder gemeinsam mil R7 fur die oei aer u 
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aufgefOhrten Gruppen steht; 
Re fur H oder CHg steht; 

Rg fur H, Halogen, OH oder Methyl oder gemelnsam mit R^q fur CH2 oder O steht; 

Rio fur H, AlkyI, halogensubstituiertes AlkyI, Alkenyl, Alkinyl, Halogen, OH, OOH. 

OO-Acyl, O-AlkyI, O-Alkinyl, Amino, alkylsubstituiertes Amino, NH-Acyl, Amino- 
methyl, alkylsubstituiertes Aminomethyl, CHO, COOH, COO-AlkyI, CHgOH, 
CH20-Acyl, CH2CH2OH Oder gemeinsam mit R^, Rg oder fur die bei der 
Definition von R1 , bzw. R^^ aufgefOhrten Gruppen oder, falls R-^ fur Aryl oder 
Heteroaryl steht, gemeinsam mit CIO, C9 und C11 des Steroldgerusts fur einen 
6-gliedrigen Ring steht; 

R11 fur H, AlkyI, CycloalkyI, Alkenyl, Alkinyl, Phenylethyl, Arylethinyl, Heteroarylethi- 

nyl, halogensubstituiertes AlkyI, alkylsubstituiertes AminoalkyI, Halogen, 
CH2OCH3, OH, OOH, O-Alkyl, O-Acyl, SH, S-AlkyI, N3, Si(CH3)2. Aryl oder He- 
teroaryl Oder gemeinsam mit R-,-,. fur CH2, CF2 oder CHF oder gemeinsam mit 
R-,0 fur 0C=0 Oder OCHF oder gemeinsam mit R-j fur OCH2 oder gemeinsam 
mit Ri3 tur OCHg oder CHgCHgCHg steht; 

R^i- fur H, AlkyI, CycloalkyI, Alkenyl, Alkinyl, Phenylethyl, Arylethinyl, Heteroarylethi- 

nyl, halogensubstituiertes AlkyI, alkylsubstituiertes AminoalkyI, Halogen, 
CH2OCH3. OH, OOH, O-AlkyI, O-Acyl, SH, S-AlkyI, N3, Si(OH3)2. Aryl oder He- 
teroaryl Oder gemeinsam mit R^-i fur die bei der Definition von R-^ aufgefOhrten 
Gruppen oder, falls R^^ fur H steht, gemeinsam mit R-,3 fOr CH2CH2CH2 steht; 

Ri3 fOr H, AlkyI, Alkenyl, Alkinyl, fluorsubstituiertes AlkyI, Phenyl oder CycloalkyI 

Oder gemeinsam mit R^^, R-,^. oder R-,6 fur CH2CH2CH2 steht; 

einer der Reste R^s und R^g tur H, OH, O-AlkyI, O-Acyl, Halogen, AlkyI oder Spirocyciopropyl und der andere 

fur H Oder R^s gemeinsam mit R-ig fur CH2 oder CCIF steht; 

R15. fur H Oder, falls R^© fur H steht, gemeinsam mit R-,5 fOr CH2 oder F2 steht; 

R-ie* , fur H oder, falls R15 fOr H steht, gemeinsam mit R-ig fur CH2 oder F2 steht; 

die Schlangenlinien eine a- oder p-Bindung und die gestrichelten Linien bis zu vier gegebenenfalls vorhandene 
nicht nebeneinanderliegende Bindungen darstellen; oder pharmazeutisch unbedenkliche Saize davon. 

Steroidderivat nach Anspruch 1 oder 2, bei dem 

n fOrO steht; 

X fOr CHRi steht; 

R^ , R2' R2S R41 Rs. Re'» 

R7., Re, Rg, Ri5' und R^g- fur H stehen; 

R3 fOr Hg, O, (H.OH) oder NOH steht; 

Rg und R7 fOr H stehen oder einer der Reste Rg und R7 f Or H und der andere f Or CH3 oder 

Rg gemeinsam mit R7 fur CH2 steht; 

R-,0 fOr H Oder CH3 oder gemeinsam mit R^ fOr CH2 steht; 

R11 fur H, AlkyI, Vinyl, Ethinyl, Phenylethinyl, in 4-Stellung mit CN, Acyl, Alkylthio, 

AlkoxyatkyI, gegebenenfalls alkylsubstituiertem Amino oder einem N-Oxid der 
gegebenenfalls substituierten Aminogruppe substituiertes Phenyl oder ge- 
meinsam mit R^v fOr CH2, CFg oder CHF steht; 

R^y fur H, AlkyI, Vinyl, Ethinyl, Phenylethinyl, in 4-StelIung mit CN, Acyl, Alkylthio, 

AlkoxyalkyI, gegebenenfalls alkylsubstituiertem Amino oder einem N-Oxid da- 
von substituiertes Phenyl oder gemeinsam mit R^^ fur CH2. CF2 oder CHF 
steht; 

Ri3 fur AlkyI steht; 

Ri5 und R16 fOr H oder gemeinsam fOr CH2 stehen; 

die 13-Bindung p-standig und die 14-Bindung a-standig ist und die Positionen 4-5; 4-5,8-9; 4-5,9-10; 4-5,15-16; 
5-10; 3-4 Oder 4-5,6-7 des SteroidgerOsts eine zusatzllche Bindung aufweisen konnen. 

Steroidderivat nach einem der Anspruche 1-3, bei dem 

n fur 0 steht; 
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R9.R1O. Rl3'' "is- Rl5" Rl6U"dRi6' 
R3 

Re und R7 
R11 



Rl3 



fur CHR, steht; 
fOr H stehen; 

fur H O (H OH) Oder NOH steht; 

fur H, CH3, OMa-on ouoi = CHNOH 

Vinyl. Acetyl. Methoxy. Methytth.o, Oxazol CN. CHO. CHNOM 
^Ir roNR'R" worin R' und R" unabhangig voneinander fur H. 
Cl^er "ydi^^-^strtuiert^ Alky. steh-. -bsWuiertes 
Phenyl oder gemeinsam mit R,v fur CHF oder CF^ s^ht, 
Oder gemeinsam mit R,, fur CH^. CHF <^e;^CF2 steh^^^ 
fur CH3. CaHs oder C3H7 steht; die 1 3-Bindung P-standig und 
die U-Bindung a-standig ist und 



. . ,5.4589-4.59-10 4-5.15-16;5.10;3-4oder4-5.6-7desSteroWger0stseinezusat^^^^^^^ 

diePositionen4-5,4-5,b-y,4 o,y iw.tv^, i 
aufweisen konnen. 



Steroidderivat nach einem der AnsprOche 1-4. bei dem 



n 

X ^ - 

Ri,R2.R2'. R4. R5. Re. R6'.R7.R7- "8^ 
R9,Rio.Riv-Ri3"RiB.Ri5-Rie"ndR,6- 

R11 



fur 0 steht; 
fOr CHRi steht; 

fur H stehen; 

Sp-?mlylamino.p-Acetyloderp-methyfthio-^^^^^^^^^ 
tuiertes Phenyl steht; die 13-Bindung Ma"d>g und die 
14-Bindung a-standig ist und die Positionen 4-5 oder 
4-5 9-10 des Steroidgerusts eine zusatzliche Bindung 
aufweisen. 



u ■ H^r Anc^nruche 1 -5 zur Verwendung in der Therapie. 
6 Steroidderivat nach einem der Ansprucne i o ^ui 

Furanrings, dessen Kohlenstoffatom 2 das K°hlenstoffa^^^^^^^^^ 9 ^ Furan-3-on-Ring. dessen Koh- 

17a eines Homosteroids) darstellt. J^^^^^^^^^^ Kohlenstoffatom 17a eines Homostero- 

unbedenkllche Hilfsnnittel. 

stagener oder antiprogestagener Wirkung. 
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10. Verwendung eines Steroidderivats nach einem der Anspruche 1-5 zur Herstellung eines Arznelmittels zur Emp- 
fangnisverhutung. 

s Revendicatlons 

1. Un derive steroidien dont le squelette steroidien est lie par I'atome de carbone 17 a un cycle spiromethyl6ne de 
formula : 

10 



30 




IS 



dans laquelle : 

20 et Rb sont independamment choisis dans le groupe consistant en hydrogene, m^thyle at halog^ne ; 

m vaut 1 ou 2 

et I'asterisque designe I'atonne de carbone 2 du cycle spiromethylene qui est aussi ratoma da carbona 

17 du steroide, ou ratome de carbone 17ad'un homosteroide. 

avec cette condition que en sont exclus les composes repondant a )a formule : 

2S 




35 



dans laquetle : 

40 R^ et sont tous les deux de Thydrog^ne ou blen I'un est un hydrogene et I'autre est un 

alkyie en C^-Cg ; 

Rg, RgetRy sont tous des hydrogene ou I'un est un alkyle en C^-Cg et les autres sont 
rhydrogene ; 

Rjt est un groupe amino, mono- ou di(Ci-Ce) alkyle-amino, C-^-Cq, acyle m6thylthio ou 

45 (Ci-Cg) alkyl-oxy ; et 

(a) R3 est O ou H, H; R5 est absent et les pointings repr^sentent une double 
liaison ; ou blen 

(b) R3 est H, H, R5 est OH et entre les carbones 5 et 6 se trouve une liaison 
50 simple. 

2. Le d6riv6 steroidien salon la ravandlcation 1 , dans laquel la squelette steroidien r^pond h la formula : 



55 
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dans laquelle : 

n est egal a 0 ou 1 ; 



R 



fCHoUO ou avec Rii forme un CH2O ; „.,a„arR on R- sont les qroupes indiqu6s 

OH, Oalkyle ou Oacyie ; indiaues dans la definition de Rg", 

est H. aSe ou CN, ou ^or^^^^-'^-^^^^^^^^ ou Lpyrrolidinyle, 

estH2.0. NOH, NOalkyle, NOacyle, (H.OH). (H.«^^^^^ 

ou bien (O.alkynyle) si X est une liaison ou bien R2 et R3, pris ensem 

torment un oxazole : 




0 



ou un diazole : 



R4 

Rg est H ou OH ; 



un des 
Re et R7 



est H. a,ky,e. CP. CH.F. OH. -Oen^^^^^^^^^^^^^ 

OSOaalkyle. ou spirocyclopropWe^et ' ^^^^^^^^^^ „,,ent un CH3 ou CF^ si Re est H ; 

CICHCI. ou Re forme avec Re un CHg si R7 °" "7 7 halogene. ou torment 

F, . est un H ou un H ou alkyie si Re est un ^^^^^^^^^^ ou F quand Re et R7 sont 

^ ensemble avec Re les groupes indiqu6s dans la d6finrtion He 

:rrofu!,Houa.KyiesiR.estunalMe.ouHouunha.og.^^^ 
ensembie avec les groupes indlqu6s dans la d«.nrt.on de R, . 
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la definition de R-,, Rg et R^^ respectivement, ou avec C^q, Cg, C^^ du squelette steroide. et R^^ est 
un aryle ou un li6t§roaryle, un cycle k six 6l6nnents ; 
Rii est H, alkyle, cycloalkyle, alk^nyie, aikynyle, phenylethyle, arylethynyle, heteroarylethynyle, alkyle 

halog6ne, aminoalkyle substltue par un alkyle, halogene, CH2OCH3, OH, OOH, Oalkyle, Oacyle, SH, 
Salkyle, N3, Si(CH3)2, aryle ou het6roaryle, ou bien R^^ forme ensemble avec R^^., CH2, CFg ou CHF, 
ou ensemble avec R^q 0C=0 ou OCHF, ou ensemble avec R^ OCH2 ou ensemble avec R^q OCH2 
ou CH2CH2CH2 ; 

Rii' est H, alkyle, cycloalkyle, alkenyle, aikynyle, phenyl6thyle, arylethynyle, h6t6roaryl§thynyle, alkyle 

halogene, aminoalkyle alkyle, halogene, CH2OCH3, OH, OOH, Oalkyle, Oacyle, SH, Salkyle, N3, Si 
(CH3)2, aryle ou heteroaryle, ou R^, ensemble avec les groupes R^^ indiques dans la definition de 
R^i' ou ensemble avec CH2CH2CH2 si R^^ est un H ; 

R^3 est H, alkyle, alkenyle, aikynyle, alkyle fluord, ph^nyle ou cycloalkyle, ou R13 forme ensemble avec 

R11, R11', ou R16 est CH2CH2CH2 i 

un des 



R^5 et R 
Rie' 



16 est H, OH, Oalkyle, Oacyle, halogene, alkyle ou spirocyclopropyle, et I'autre est H, ou R^g forme 
avec Ri6, CHgOU CCIF ; 

est H ou forme ensemble avec R^s un CH2 ou un F2 si R^g est H ; 
est un H ou forme ensemble avec R^q, CH2 ou F2 si R^g est un H ; 



les traits sinueux indiquent des liaisons aou p, et les traits en potntilles representent jusqu'a quatre liaisons non 
adjacentes eventuelles ; ou bien leurs sels pharmaceutiquement acceptables. 

Le derive steroidien selon la revendication 1 ou 2, dans lequel : 



R2, 



n 
X 

Ri 
R7, 
Ra 

Re et R7 

Rio 
R11 



■"IV 



R2', 

Rq. 



R4. Rsi Rs' 
Riset R16 



"•13 



Riget Rie 



est egal h 0 ; 
est CHRi ; 

sont des H ; 

est H2, O, (H,OH), NOH ; 

sont des H, ou bien des Re et R7 sont des H et I'autre est un CH3, ou bien Re forme 
avec R7 un CH2 ; 

est un H ou un CH3 ou forme ensemble avec R-j un CH2 ; 

est un H, un alkyle, un vinyle, un ethynyle, un phenylethynyle, un phenyle qui est 
substitue en position 4 par CN, acyle, alkylthio, alcoxyalkyle, amino ou amino alkyle, 
ou un un N-oxyde de I'amlno de I'amine substitute par un alkyle, ou bien R11 forme 
ensemble avec R^^., CH2, CFg ou CHF ; 

est un H, alkyle, vinyle, ethynyle, phenylethynyle, phenyle substitue en sa position 
4 par CN, acyle, alcoxyalkyle, amino ou aminoalkyle ou un de ses N-oxyde, ou bien 
R^i' associe avec R^i, CH2, CF2 ou CHF ; 
est un alkyle; 

sont chacun des H ou torment ensemble un CH2 ; 
la liaison 13 est p et la liaison 14 est a ; et 

les positions 4-5 ; 4-5,8-9 ; 4-5,9-10 ; 4-5,15-16 ; 5-10 ; 3-4 ; ou 4-5,6-7 du squelette 
steroTdien peuvent comporter une liaison suppiementaire. 



Le derive stero'idien selon une quelconque des revendications 1 k 4. dans lequel : 



n 
X 

Ri 



R2, R2'» R4> F^S' 



R3 

Re et R7 
R11 



R7' 
R 



16 ®t ^16 



est egal a 0 ; 
est CHRi ; 

sont des H ; 

est un H2, O, (H,OH) ou NOH ; 

sont des H ou un des Rg et R7 est un H et I'autre ou CH3 et Re 
forme ensemble avec R7, CH2; 

est H, CH3, CH2=CH ou phenyle. dont la position 4 est substitu6e 
par un dimethylamino, vinyle, acetyle, methoxy, methylthio, oxa- 



Rl3 
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ment des H. alkyle ou alkyle hydroxyl6. ou 

est un H ou torma ensemble avec ^J^^ ^^^^^^^^^^ , | est a ; 

supplementaire. 



10 



* est egal a 0 ; 

n est CHRn ; 

. R2. R4. Re. Rt". Rs. ^ h; 

R3 est un p-dimethylamino-, p-ac6tyle P 

R^i m6thylthioph6nyle ; 



20 

6. 

25 7 

30 



m^thylthiopnenyie , . ^ . . ^ . ^ . les positions 
vent comporter une liaison supplSmentaire. 

g,oup85rta«ite),paf ,„». ted«nv« 17-allSnyl9 0bt«iu 

a, „„ a,kvK«U=C=OH, oC ralKyte as, u„ alWyl, - jr^^roSr'^aW *«- 

Sr^ SUM par une reprotection des gro^P- ^^%X^::Z,mc.X^ons indipu.es ci^essus, et W est un 

pLr une hydrolyse n^ft Jure de cycle en ie d.nv6 17-sp,roether, 

24-hydroxy en un groupe partant. suwi pa 

destin6 a la contraception. 
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